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DISPLAY PANEL AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of U.S. patent applica-
tion Ser. No. 18/090,401, filed Dec. 28, 2022, now U.S. Pat.
No. 11,877,479, which 1s a continuation application of U.S.
patent application Ser. No. 17/116,943, filed Dec. 9, 2020,
now U.S. Pat. No. 11,552,142, which 1s a continuation of
U.S. patent application Ser. No. 16/789,107 filed Feb. 12,
2020, now U.S. Pat. No. 10,892,308, which 1s a continuation
application of U.S. patent application Ser. No. 16/133,404
filed Sep. 17, 2018, now U.S. Pat. No. 10,593,739, which
claims priority under 35 U.S.C. § 119 to Korean Patent
Application No. 10-2017-0168681, filed on Dec. 8, 2017, in
the Korean Intellectual Property Office, the disclosures of
which are hereby incorporated by reference in their entire-
ties.

BACKGROUND OF THE INVENTION

The present disclosure relates to a display panel and a
method of fabricating the same, and 1n particular, to a highly
reliable display panel and a method of fabricating the same.

A display panel includes a plurality of pixels and a driving
circuit for controlling the pixels. The driving circuit of the
display panel 1s configured to provide electrical control
signals to the pixels.

Each of the pixels includes a pixel driving circuit and a
display device such as an organic light emitting diode
(OLED) or a quantum-dot light-emitting diode that 1s con-
nected to the pixel driving circuit. The pixel driving circuit
includes at least one thin-film transistor and a capacitor. The
thin-film transistor and the capacitor of the pixel driving
circuit control the display device, based on the electrical
signals received from one or more driving circuits of the
display panel. According to required electric characteristics,
the pixel driving circuit may be configured to include two or
more thin-film transistors containing at least two diflerent
semiconductor materials and properties. The pixel driving
circuit including two or more thin-film transistors may drive
the pixel 1n a more stable, more reliable manner.

SUMMARY

An embodiment of the inventive concept provides a
method of stably fabricating a display panel.

An embodiment of the inventive concept provides a
highly-reliable display panel.

According to an embodiment of the inventive concept, a
method of fabricating a display panel may include forming
a silicon semiconductor pattern on a base layer including a
first region and a second region that 1s extended from the
first region, the silicon semiconductor pattern overlapping
the first region, forming a first control electrode on the
silicon semiconductor pattern, the first control electrode
overlapping the silicon semiconductor pattern with a {first
insulating layer interposed therebetween, forming a second
control electrode to overlap the first region and to be spaced
apart from the first control electrode with a second insulating
layer interposed therebetween, forming an oxide semicon-
ductor pattern on the second control electrode to overlap the
second control electrode with a third msulating layer inter-
posed therebetween, etching the first, second, and third
insulating layers to form a first contact hole and a second

10

15

20

25

30

35

40

45

50

55

60

65

2

contact hole exposing at least a portion of the silicon
semiconductor pattern and a first groove that overlaps the
second region, forming on the third insulating layer a first
input electrode and a first output electrode that are connected
to the silicon semiconductor pattern through the first and
second contact holes, and a second mput electrode and a
second output electrode that are connected to the oxide
semiconductor pattern, forming a fourth msulating layer on
the third msulating layer to cover the first mnput electrode,
the first output electrode, the second mput electrode, and the
second output electrode, thermally treating the fourth insu-
lating layer, forming on the organic layer an organic layer to
cover the fourth insulating layer, and forming an organic
light emitting diode that 1s connected to the first output
clectrode.

In an embodiment, the thermal treating of the fourth
isulating layer may be performed at a temperature of about
300° C. or higher.

In an embodiment, the organic layer may include poly-
imide.

In an embodiment, the etching of the first, second, and
third 1nsulating layers may be performed to simultaneously
form the first and second contact holes and the first groove
using a single mask.

In an embodiment, the method may further include form-
ing a second groove that overlaps the first groove 1n the
fourth 1nsulating layer after the forming of the fourth insu-
lating layer. The organic layer may be formed to fill the first
groove and the second groove.

In an embodiment, the method may further include form-
ing an 1morganic layer between the first insulating layer and
the base layer. The forming of the second groove may
include forming a third groove that overlaps the first groove
in the morganic layer.

In an embodiment, the method may further include form-
ing a third contact hole 1n the organic layer to expose a
portion of the first output electrode, forming a connection
clectrode on the organic layer to be connected to the first
output electrode through the third contact hole, and forming
an upper organic layer on the organic layer to cover the
connection electrode. The organic light emitting diode may
be connected to the connection electrode through the upper
organic layer.

In an embodiment, the connection electrode may be
formed of a matenial that 1s different from the first output
clectrode.

In an embodiment, the connection electrode may be
formed of a material whose resistance 1s lower than that of
the first output electrode.

In an embodiment, the forming of the first input electrode,
the first output electrode, the second mput electrode, and the
second output electrode may include forming a conductive
layer on the third mnsulating layer to cover the oxide semi-
conductor pattern and patterning the conductive layer using
an etching gas. The etching gas may contain a fluoro
compound.

In an embodiment, the conductive layer may have a
higher etch rate than the oxide semiconductor pattern in the
patterning of the conductive layer using the etching gas.

According to an embodiment of the inventive concept, a
display panel may include a base layer including a first
region and a second region that are bent from the first region
around a specific bending axis, a first thin-film transistor
disposed in the first region, the first thin-film transistor
including a crystalline silicon semiconductor pattern, a first
control electrode, and a first input electrode and a first output
clectrode that are coupled to the crystalline silicon semicon-
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ductor pattern and are spaced apart from each other with the
first control electrode interposed therebetween, a second
thin-film transistor disposed in the first region to have a
bottom gate structure, the second thin-film transistor includ-
ing a second control electrode, an oxide semiconductor
pattern disposed on the second control electrode, and a
second nput electrode and a second output electrode that are
in contact with the oxide semiconductor pattern and are
spaced apart from each other, a passivation layer disposed 1n
the first region and the second region to cover the first
thin-film transistor and the second thin-film transistor and to
include a first groove that overlaps the second region, a
plurality of mnorganic layers disposed between the passiva-
tion layer and the base layer to include a second groove that
overlaps the first groove, an organic layer disposed 1n the
first region and the second region and on the passivation
layer to cover 1nner surfaces of the first and second grooves,
and an organic light emitting diode disposed on the organic
layer and 1n the first region and electrically connected to the
first thin-film transistor. Etch rates of the second input
clectrode and the second output electrode that are etched by
a fluoro compound may be higher than that of the oxide
semiconductor pattern.

In an embodiment, the second mput electrode and the
second output electrode may include molybdenum.

In an embodiment, the display panel may further include
an upper organic layer disposed between the organic layer
and the organic light emitting diode, and a connection
clectrode disposed between the upper organic layer and the
organic layer and coupled to each of the organic light
emitting diode and the first output electrode. The connection
clectrode 1includes a material that 1s different from that of the

first output electrode.

In an embodiment, the connection electrode may include
a material whose resistance 1s lower than that of the first
output electrode.

In an embodiment, the display panel may turther include
a signal line that 1s disposed in the second region and
overlaps the first groove and the second groove. The signal
line may be disposed on the same layer as the connection
clectrode.

In an embodiment, a plurality of 1norganic layers may be
disposed to expose a portion of a top surface of the base
layer, and the organic layer may be disposed to be 1n contact
with the portion of the top surface of the organic layer.

In an embodiment, the display panel may further include
a pixel definition layer disposed on the organic layer to
define an opening. The organic light emitting diode may be
disposed 1 the opening. The pixel definition layer may
overlap the first region and the second region and may
include an organic material.

In an embodiment, the pixel definition layer may include
a recessed portion on an nner surface the opening.

In an embodiment, the display panel may turther include
a signal line that 1s disposed i the second region and
overlaps the first groove and the second groove. The signal
line may be disposed on the same layer as the second output
clectrode.

In an embodiment, the signal line may include a plurality
of patterns that are disposed in the second region and are
spaced apart from each other in a direction crossing the
bending axis.

In an embodiment, the passivation layer may be 1n contact
with the oxide semiconductor pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be more clearly understood
from the following brief description taken in conjunction
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4

with the accompanying drawings. The accompanying draw-
ings represent non-limiting, example embodiments as

described herein.

FIGS. 1A and 1B are perspective views illustrating a
display panel according to an embodiment of the inventive
concept,

FIG. 2 1s a plan view of a display panel shown in FIG. 1A.

FIG. 3A 1s an equivalent circuit diagram of a pixel
according to an embodiment of the inventive concept.

FIGS. 3B and 3C are sectional views, each illustrating a
portion of the pixel of FIG. 3A.

FIGS. 4A to 4C are sectional views, each illustrating a
bending region of a display panel according to an embodi-
ment of the mventive concept.

FIG. 5 15 a sectional view illustrating a region of a display
panel according to an embodiment of the mventive concept.

FIG. 6 1s a sectional view illustrating a region of a display
panel according to an embodiment of the mventive concept.

FIGS. 7TA to 7Q are sectional views illustrating a process
of fabricating a display panel according to an embodiment of
the 1nventive concept.

FIG. 8A 1s a graph showing current-voltage characteris-
tics of a thin-film transistor according to a comparative
example.

FIG. 8B i1s a graph showing current-voltage characteris-
tics of a thin-film transistor according to an embodiment of
the inventive concept.

FIG. 9 15 a sectional view 1illustrating a portion of a display
panel according to an embodiment of the mventive concept.

FIGS. 10A to 10D are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept.

It should be noted that these figures are intended to
illustrate the general characteristics of methods, structure,
and/or materials utilized 1n certain example embodiments
and to supplement the written description provided below.
These drawings are not, however, to scale and may not
precisely retlect the precise structural or performance char-
acteristics of any given embodiments, and should not be
interpreted as defining or limiting the range of values or
properties encompassed by example embodiments. For
example, the relative thicknesses and positioning of mol-
ecules, layers, regions, and/or structural elements may be
reduced or exaggerated for clarity. The use of similar or
identical reference numbers in the various drawings 1is
intended to indicate the presence of a similar or i1dentical
clement or feature.

DETAILED DESCRIPTION

Example embodiments of the inventive concepts will now
be described more fully with reference to the accompanying
drawings, in which example embodiments are shown.

FIGS. 1A and 1B are perspective views 1llustrating a
display panel according to an embodiment of the inventive
concept. FIG. 2 1s a plan view of a display panel shown 1n
FIG. 1A. FIG. 1A 1llustrates a display panel DP in an
unfolded state, and FIG. 1B 1illustrates the display panel DP,
at least a portion of which 1s 1n a bent state. Hereinafter, an

embodiment of the mnventive concept will be described with
reference to FIGS. 1A to 2.

Referring to FIGS. 1A and 1B, the display panel DP may
be provided to have a front surface DP-FS that 1s oriented
parallel to a first direction DR1 and a second direction DR2.

The front surface DP-FS may include a display region
DP-DA and a peripheral region DP-NDA. The display
region DP-DA may be a region of the front surtace DP-FS
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that 1s used to display an image. A thickness of the display
panel DP may be measured 1n a third direction DR3 per-
pendicular to the first and second directions DR1 and DR2.

The peripheral region DP-NDA may be adjacent to the
display region DP-DA. In an embodiment, the peripheral
region DP-NDA may be provided along a border of the
display region DP-DA to enclose the display region DP-DA.
In an embodiment, the peripheral region DP-NDA may
include a portion that 1s disposed adjacent to a bending
region, whose width 1s smaller than that of the display region
DP-DA when measured in the second direction DR2. Thus,
the portion of the peripheral region DP-NDA having a
reduced width may reduce a bending area of the display
panel DP.

The display panel DP may include at least a portion that
1s bent. The display panel DP may be classified into a first
region NBA (hereinafter, a non-bending region) and a sec-
ond region BA (hereinafter, a bending region). The bending
region BA may be defined at a relatively narrow region of
the display panel DP, when measured 1n the second direction
DR2.

When the bending region BA i1s in a bent state, the
bending region BA may include a curvature region CA that
1s bent with a specific curvature and a facing region FA that
1s provided to face the non-bending region NBA. The
non-bending region NBA, the curvature region CA, and the
facing region FA may be arranged in the first direction DR1.
The bending region BA may be bent around a bending axis
BX extending in the second direction DR2. For example, the
curvature region CA of the bending region BA may be bent
around the bending axis BX, and the facing region FA of the
bending region BA may be placed to face a portion of the
non-bending region NBA 1n the third direction DR3.

Referring to FIG. 2, the display panel DP may include a
plurality of pixels PX, a plurality of signal lines SGL, and a
driving circuit GDC. The plurality of pixels PX and the
plurality of signal lines SGL may be provided on the front
surface DP-FS.

The pixels PX may be provided in the display region
DP-DA. In an embodiment, the display region DP-DA 1s
illustrated to have a tetragonal or rectangular shape, but the
inventive concept 1s not limited thereto. Each of the pixels
PX may be configured to display light having a specific
color. The pixels PX may be classified into a plurality of
groups, according to colors of lights to be emitted there-
through. For example, the pixels PX may include red pixels,
green pixels, and blue pixels. In certain embodiments, the
pixels PX may further include white pixels. Even when
pixels are included i1n different groups, the pixel driving
circuits of the pixels may be configured to have the same
structure.

The driving circuit GDC may be provided in the periph-
eral region DP-NDA. The peripheral region DP-NDA may
be adjacent to the display region DP-DA. In an embodiment,
the peripheral region DP-NDA 1s 1illustrated to enclose the
display region DP-DA, but the inventive concept 1s not
limited thereto.

The driving circuit GDC may include a gate drniving
circuit. The gate driving circuit may be configured to gen-
crate a plurality of gate signals and sequentially output the
gate signals to a plurality of gate lines GL to be described
below. In certain embodiments, the gate driving circuit may
be configured to output other control signals that are differ-
ent from the gate signals to the pixels PX.

The gate driving circuit may include a plurality of thin-
film transistors that are formed by the same process as that
for the pixel driving circuit of the pixels PX (e.g., by a low
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temperature polycrystalline silicon (LTPS) process or a low
temperature polycrystalline oxide (LTPO) process).

The signal lines SGL may include gate lines GL, data
lines DL, a power line PL, and a control signal line CSL.
Each of the gate lines GL and each of the data lines DL may
be connected to corresponding ones of the pixels PX. The
power line PL may be connected to the pixels PX. The
control signal line CSL may be configured to deliver the
control signals to a scan driving circuit. The driving circuit
GDC may include the scan driving circuit.

The signal lines SGL may be connected to signal pads
DP-PD, respectively. Some of the signal lines SGL (e.g., the
control signal line CSL, the data line DL, and the power line
PL) may be extended from the non-bending region NBA to
the bending region BA and may be connected to the respec-
tive ones of the signal pads DP-PD. The signal pads DP-PD
may be electrically connected to a circuit substrate that may
be externally provided. The signal pads DP-PD may be
provided in the facing region FA of the bending region BA.

In an embodiment, the display panel DP may further
include a driving chip that 1s connected to the data lines DL.
Here, the driving chip may be directly mounted on the
display panel DP, and ones of the signal pads DP-PD that are
connected to the data lines DL may be connected to the
driving chip. The structure of the display panel DP may be
variously changed, and the 1inventive concept 1s not limited
to a specific structure of the display panel DP.

FIG. 3A 1s an equivalent circuit diagram of a pixel
according to an embodiment of the inventive concept. FIGS.
3B and 3C are sectional views, each illustrating a portion of
the pixel of FIG. 3A. For convenience 1n 1llustration, one of
the pixels PX 1s exemplarily illustrated in FIG. 3A. Here-
iafter, the pixel PX will be described in more detail with
reference to FIGS. 3A to 3C. For concise description, an
clement previously described with reference to FIGS. 1A to
2 may be 1dentified by the same reference number without
repeating an overlapping description thereof.

As shown 1n FIG. 3A, the pixel PX may be connected to
a corresponding one of the data lines DL, a corresponding
one of the gate lines GL, and the power line PL. For
example, the pixel PX may include an organic light emitting
diode or a quantum-dot light-emitting diode. A luminescent
layer of the organic light emitting diode may include an
organic luminescent material. A luminescent layer of the
quantum-dot light-emitting diode may include quantum dots
and quantum rods. For the sake of simplicity, the following
description will refer to an example 1n which the pixel PX
includes an organmic light emitting diode.

The pixel PX may include a first thun-film transistor T1,
a second thin-film transistor T2, a capacitor Cst, and an
organic light emitting diode OLED. The first thin-film
transistor 11, the second thin-film transistor T2, and the
capacitor Cst may constitute a pixel drniving circuit for
driving the organic light emitting diode OLED. In certain
embodiments, the pixel driving circuit may further include
at least one more thin-film transistor or at least one more
capacitor, 1n addition to the first thin-film transistor T1, the
second thin-film transistor 12, and the capacitor Cst, but the
inventive concept 1s not limited thereto.

The first thin-film transistor T1 may be connected to the
organic light emitting diode OLED. The first thin-film
transistor 11 may be used to control a driving current
flowing through the organic light emitting diode OLED,
depending on an amount of electric charges stored in the
capacitor Cst. The second thin-film transistor T2 may be
connected to the gate line GL and the data line DL. The
second thin-film transistor 12 may be configured to output
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a data signal from the data line DL to the capacitor Cst, 1n
response to a gate signal applied to the gate line GL. An
amount of electric charges to be stored 1n the capacitor Cst
may be determined by a difference between a voltage
corresponding to the data signal that 1s output from the
second thin-film transistor T2 and a first power voltage
ELVDD that 1s transmitted through the power line PL.

A turn-on time of the first thin-film transistor T1 may be
determined depending on the amount of charges stored in the
capacitor Cst. The organic light emitting diode OLED may
be configured to emit light, when the first thin-film transistor
11 1s 1n a turn-on period. The color (1.e., wavelength) of light
emitted from the organic light emitting diode OLED may be
determined by a material of a light-emitting pattern. For
example, the organic light emitting diode OLED may be
configured to emit light of red, green, blue, or white color,
but the mventive concept 1s not limited thereto.

A sectional structure of the pixel PX will be described
with reference to FIGS. 3B and 3C. Here, FIG. 3B 1llustrates
a region of the pixel PX, in which the first thin-film transistor
11, the second thin-film transistor T2, and the organic light
emitting diode OLED are provided, and FIG. 3C illustrates
another region of the pixel PX, in which the first thin-film
transistor 11, the second thin-film transistor T2, the organic
light emitting diode OLED, and the capacitor Cst are pro-
vided. That 1s, FIGS. 3B and 3C illustrate two diflerent
regions of the same pixel PX, respectively.

As shown 1n FIGS. 3B and 3C, the display panel DP may
include a base layer BL, a circuit device layer DP-CL, a
display device layer DP-OLED, and an encapsulation layer
TFE. The base layer BL, the circuit device layer DP-CL, the
display device layer DP-OLED, and the encapsulation layer
TFE may be stacked 1n the third direction DR3.

The base layer BL may be a layer, film, or plate, on which
the first thin-film transistor T1, the second thin-film transis-
tor 12, and the capacitor Cst are formed. The base layer BL
may 1nclude a plastic substrate, a glass substrate, a metal
substrate, or a composite substrate including organic and/or
inorganic materials. The plastic substrate may include a
synthetic resin layer. The synthetic resin layer may include
a thermosetting resin. The synthetic resin layer may be a
polyimide-based resin layer, but the inventive concept 1s not
limited to a specific matenial. For example, the synthetic
resin layer may include at least one of acryl resins, meth-
acryl resins, polyisoprene resins, vinyl resins, epoxy resins,
urethane resins, cellulose resins, siloxane resins, polyimide
resins, and perylene resins.

The base layer BL may define a planar shape of the
display panel DP. For example, a shape of the display panel
DP shown 1n FIG. 1A may correspond to a planar shape of
the base layer BL. Accordingly, the base layer BL may
include the non-bending region NBA, the bending region
BA including the curvature region CA and the facing region
FA, and a portion of the base layer BL corresponding to the
bending region BA may be bent around the bending axis BX.

The circuit device layer DP-CL may be provided on the
base layer BL. The circuit device layer DP-CL may include
a pixel driving circuit and a plurality of insulating layers. For
example, the circuit device layer DP-CL may be configured
to include a barrier layer BRL, a bufller layer BFL, and first
to sixth isulating layers 10, 20, 30, 40, 50, and 60, in
addition to the first thin-film transistor T1, the second
thin-film transistor T2, and the capacitor Cst.

The barrier layer BRL may be provided to cover a top
surface of the base layer BL. The barrier layer BRL may be
configured to prevent a contamination material from perme-
ating into the circuit device layer DP-CL and the display
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device layer DP-OLED through the base layer BL. The
barrier layer BRL may include a silicon oxide layer and a
silicon nitride layer. The silicon oxide layer and the silicon
nitride layer may be alternatingly stacked on the base layer
BL.

The bufler layer BFL may be provided on the barrier layer
BRL. The bufler layer BFL may be configured to allow
conductive patterns or semiconductor patterns to be more
tightly bonded to the base layer BL. Therefore, the conduc-
tive patterns and the semiconductor patterns may be stably
formed on the bufler layer BFL provided 1n the display panel
DP, compared to a structure of the pixel in which the
conductive patterns and semiconductor patterns are directly
formed on the top surface of the base layer BL without the
bufler layer BFL. The builer layer BFL may be formed of or
include at least one of inorganic and organic materials. The
bufler layer BFL may include a silicon oxide layer and a
silicon nitride layer. The silicon oxide layer and the silicon
nitride layer may be stacked alternatingly. In certain embodi-
ments, at least one of the bufler layer BFL and the barrier
layer BRL may be omutted.

A first semiconductor pattern OSP1 may be provided on
the bufler layer BFL. The first semiconductor pattern OSP1
may be formed of or include a crystalline semiconductor
material. For example, the first semiconductor pattern OSP1
may be formed of or include a polycrystalline semiconduc-
tor matenal (e.g., poly silicon).

The first semiconductor pattern OSP1 may include an
input region and an output region that are doped with
impurities, and a channel region that 1s provided between the
input and output regions. In FIGS. 3B and 3C, the input and
output regions are illustrated with a hatched pattern, for
convenience 1n 1llustration.

The mput region may be coupled to a first input electrode
DEI1, and the output region may be coupled to a first output
clectrode SEL The channel region of the first semiconductor
pattern OSP1 may be provided between the input region and
the output region and may overlap a first control electrode
GE1, when viewed 1n a plan view. According to the type of
the impurities, the first semiconductor pattern OSP1 may be
of p or n-type conductivity. According to the type of the first
semiconductor pattern OSP1, electrons or holes may flow as
majority carriers in the channel region.

The channel region of the first thin-film transistor T1 may
be formed of or include a polycrystalline semiconductor
material. Thus, the first thin-film transistor T1 may be used
as a driving device with high mobility and high reliability.

The first msulating layer 10 may be provided on the first
semiconductor pattern OSP1. The first insulating layer 10
may be formed of or include at least one of mmorganic and
organic materials. For example, the first insulating layer 10
may be formed of or include silicon nitride and/or silicon
oxide.

The first insulating layer 10 may be provided on the butler
layer BFL to cover at least a portion of the first semicon-
ductor pattern OSP1. However, the mventive concept 1s not
limited thereto, and 1n certain embodiments, the first insu-
lating layer 10 may be provided 1n an 1nsulating pattern that
overlaps at least the channel region of the first semiconduc-
tor pattern OSP1. The shape of the first insulating layer 10
may be variously changed, and the inventive concept 1s not
limited to a specific shape of the first mnsulating layer 10.

The first control electrode GE1 and a first capacitor
clectrode E1 of the capacitor Cst may be provided on the
first insulating layer 10. In an embodiment, the first control
clectrode GE1 may be provided on the same layer as the first
capacitor electrode F1.
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The first control electrode GE1 may overlap at least the
channel region of the first semiconductor pattern OSP1. The
first control electrode GE1 may be spaced apart from the first
semiconductor pattern OSP1 with the first mnsulating layer
10 interposed therebetween. In an embodiment, the first
insulating layer 10 may serve as a gate isulating layer of the
first thin-film transistor T1.

The first capacitor electrode E1 may be used as one of two
clectrodes of the capacitor Cst. In an embodiment, the first
capacitor electrode E1 and the first control electrode GE1
may correspond to two parts of a single conductive pattern.
In certain embodiments, the first control electrode GE1 and
the first capacitor electrode F1 may correspond to two
separate patterns that are electrically connected to each other
by an additional bridge electrode (not shown), or that are
clectrically disconnected from each other and are applied
with diferent voltages, respectively.

The second insulating layer 20 may be provided on the
first control electrode GFE1 and the first capacitor electrode
E1l. The second insulating layer 20 may be provided on the
first msulating layer 10 to cover the first control electrode
GE1 and the first capacitor electrode E1.

The second insulating layer 20 may be formed of or
include at least one of inorganic and organic materials. The
second insulating layer 20 may include a material that 1s
different from that of the first nsulating layer 10. For
example, the second nsulating layer 20 may include a metal
oxide material (e.g., aluminum oxide), and the first insulat-
ing layer 10 may include silicon nitride and/or silicon oxide.
However, the inventive concept 1s not limited thereto, and 1n
certain embodiments, the second insulating layer 20 may be
formed of or include the same matenal as that of the first
insulating layer 10. The second insulating layer 20 may be
used to protect the first msulating layer 10 in a subsequent
process (e.g., for forming a second control electrode GE2)
and thus to prevent the first semiconductor pattern OSP1 that
1s provided below the first insulating layer 10 from being
damaged.

The second control electrode GE2 of the second thin-film
transistor 12, an upper electrode UE, and a second capacitor
clectrode E2 of the capacitor Cst may be provided on the
second insulating layer 20. The second control electrode
GE2 may not overlap the first control electrode GE1, when
viewed 1n a plan view. In an embodiment, the second control
clectrode GE2 may be provided on a layer that i1s different
from a layer provided under the first control electrode GE1.

The upper electrode UE may overlap the first control
clectrode GE1, when viewed 1n a plan view. In a case where
the upper electrode UE and the first control electrode GE1
are applied with different voltages, the upper electrode UE
and the first control electrode GE1 may serve as electrodes
of a capacitor. In certain embodiments, 1n a case where the
upper electrode UE and the first control electrode GE1 are
applied with the same voltage, the upper electrode UE, along
with the first control electrode GE1, may be used as a gate
clectrode for controlling a switching (1.e., on/ofl) operation
of the first thin-film transistor T1 or an electric potential of
the channel region of the first semiconductor pattern OSP1.

The second capacitor electrode E2 may overlap the first
capacitor electrode F1, when viewed 1n a plan view. The
second capacitor electrode E2 may be spaced apart from the
first capacitor electrode E1 with the second 1nsulating layer
20 iterposed therebetween, thereby forming the capacitor
Cst.

In an embodiment, the upper electrode UE, the second
capacitor electrode E2, and the second control electrode
GE2 may be provided on the same layer. For example, the
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upper electrode UE, the second capacitor electrode E2, and
the second control electrode GE2 may be simultaneously
formed by a single patterning process using the same mask.
Accordingly, the upper electrode UE, the second capacitor
clectrode E2, and the second control electrode GE2 may be
formed of or include the same material and may have
substantially the same stacking structure. In certain embodi-
ments, the upper electrode UE may be omitted.

The third mnsulating layer 30 may be provided on the
second insulating layer 20. The third insulating layer 30 may
be provided to cover the top surface of the second 1nsulating
layer 20, the top surface of the upper electrode UE, the top
surface of the second control electrode GE2, and the top
surface of the second capacitor electrode E2. The third
insulating layer 30 may serve as a gate msulating layer of the
second thin-film transistor T2.

The third insulating layer 30 may be an 1norganic layer
and/or an organic layer and may have a single- or multi-
layered structure. For example, the third msulating layer 30
may be an 1norganic layer that 1s formed of or includes at
least one of aluminum oxide, titanium oxide, silicon oxide,
s1licon oxynitride, zirconium oxide, and hainium oxide. For
example, the third msulating layer 30 may be a single silicon
oxide layer.

A second semiconductor pattern OSP2 of the second
thin-film transistor T2 may be provided on the third insu-
lating layer 30. The second semiconductor pattern OSP2
may be formed of or include at least one of oxide semicon-
ductors. For example, the oxide semiconductors may include
metal oxides, whose metallic element 1s at least one of zinc
(Zn), indium (In), gallium (Ga), tin (Sn), and titanium (1),
or may 1nclude a mixture of zinc (Zn), indium (In), gallium
(Ga), tin (Sn), and titanium (T1), and an oxide thereof. In
certain embodiments, the second semiconductor pattern
OSP2 may include a crystallized oxide semiconductor. The
crystallized oxide semiconductor may be provided to have a
vertical directionality.

The second semiconductor pattern OSP2 may include an
mput region and an output region that are doped with
impurities, and a channel region that 1s provided between the
input region and the output region. In FIGS. 3B and 3C, the
input and output regions of the second semiconductor pat-
tern OSP2 are 1llustrated with a hatched pattern, for conve-
nience 1n illustration. The input region may be coupled to a
second 1nput electrode DE2, and the output region may be
coupled to a second output electrode SE2. The channel
region of the second semiconductor pattern OSP2 may be
provided between the mput region and the output region and
may overlap the second control electrode GE2, when viewed
in a plan view. According to the type of the impurities, the
second semiconductor pattern OSP2 may be of p or n-type
conductivity. According to the type of the second semicon-
ductor pattern OSP2, electrons or holes may flow as majority
carriers 1n the channel region.

A reduced metal material may be used as the impurities 1n
the second semiconductor pattern OSP2. For example, the
input region and the output region may contain a metallic
material that 1s reduced from a metal oxide material consti-
tuting the channel region, thereby reducing a leakage current
of the second thin-film transistor T2, and thus, the second
thin-film transistor T2 may be used as a switching device
having an improved on-oil property.

The first input electrode DE1 and the first output electrode
SE1 of the first thin-film transistor T1 and the second 1nput
clectrode DE2 and the second output electrode SE2 of the
second thin-film transistor T2 may be provided on the third
insulating layer 30. In an embodiment, the first mnput elec-
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trode DE1, the first output electrode SE1, the second mnput
clectrode DE2, and the second output electrode SE2 may be
mmultaneeusly formed by a single patterning process using
the same mask. Accordingly, the first input electrode DFEI1,
the first output electrode SE1, the second input electrode
DE2, and the second output electrede SE2 may be formed of
or include the same material and may have the same stacking
structure. For example, the first input electrode DE1, the first
output electrode SE1, the second 1put electrode DE2, and
the second output electrode SE2 may be formed of or
include molybdenum.

A first contact hole CH1 and a second contact hole CH2
may be formed to expose a portion of the mput region and
the output region of the first semiconductor pattern OSP1,
respectively, and the first mput electrode DE1 and the first
output electrode SE1 may be coupled to the first semicon-
ductor pattern OSP1 through the first and second contact
holes CH1 and CH2, respectively. The first contact hole CH1
and the second contact hole CH2 may be formed to penetrate
through the first to third 1nsulating layers 10, 20, and 30.

The second mput electrode DE2 and the second output
clectrode SE2 may be directly coupled to the second semi-
conductor pattern OSP2. The second mput electrode DE2
and the second output electrode SE2 may be coupled to two
opposite ends of the second semiconductor pattern OSP2,
respectively. At least a portion of the second input electrode
DE2 may be directly provided in the mput region of the
second semiconductor pattern OSP2, and at least a portion
ol the second output electrode SE2 may be directly provided
in the output region of the second semiconductor pattern
OSP2. In the second thin-film transistor T2, each of the
second 1nput electrode DE2 and the second output electrode
SE2 may be coupled to the second semiconductor pattern
OSP2, without any portion provided 1n a contact hole.

The fourth insulating layer 40 may be provided on the
third insulating layer 30 to cover the first mput electrode
DEI1, the first output electrode SE1, the second input elec-
trede DE?2, and the second output electrede SE2. The fourth
insulating layer 40 may be an organic or morganic layer and
may have a single- or multi-layered structure.

In an embodiment, the fourth isulating layer 40 may be
an 1norganic layer that 1s formed of or includes at least one
of aluminum oxide, titanium oxide, silicon oxide, silicon
oxynitride, zirconium oxide, and hafnium oxide. For
example, the fourth insulating layer 40 may be a silicon
oxide layer. The fourth insulating layer 40 may be referred
to as “‘a passivation layer”.

In an embodiment, the fourth insulating layer 40 may be
formed through a thermal treatment process. For example,
the thermal treatment process may be performed at a high
temperate of 300° C. or higher, and resultantly, the fourth
insulating layer 40 may be cured with defects. A detailed
description thereof will be omutted.

The fifth nsulating layer 50 may be provided on the
fourth msulating layer 40. The fifth mmsulating layer 50 may
be an organic layer. For example, the fifth insulating layer 50
may be formed of or include a polymer resin such as
polyimide.

A connection electrode CNE may be provided on the fifth
isulating layer 50. The connection electrode CNE may be
connected to the first output electrode SE1 of the first
thin-1ilm transistor 11 through a third contact hole CH3 that
1s formed to penetrate through the fourth insulating layer 40
and the fifth insulating layer 50.

The connection electrode CNE may be formed of or
include a material that 1s different from the first nput
clectrode DEI1, the first output electrode SE1, the second
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input electrode DE2, and the second output electrode SE2.
For example, the connection electrode CNE may be formed
ol or include a material whose electric resistance 1s lower
than those of the first input electrode DFE1, the first output
clectrode SE1, the second input electrode DE2, and the
second output electrode SE2. In this case, a contact resis-
tance between the organic light emitting diode OLED and
the first thin-film transistor T1 may be reduced, thereby
improving electric characteristics of the display device.
However, the inventive concept 1s not limited to the above
example, and 1n certain embodiments, the connection elec-
trode CNE may be formed of or include the same material
as the first mput electrode DE1, the first output electrode
SE1, the second mput electrode DE2, and the second output
electrode SE2. In certain embodiments, the connection elec-

trode CNE may be omitted, and the organic light emitting
diode OLED and the first thin-film transistor T1 may be
directly coupled to each other. The structure of the display
panel DP may be variously changed, and the inventive
concept 1s not limited to a specific structure of the display
panel DP.

The sixth msulating layer 60 may be provided on the fifth
insulating layer 50 to cover the connection electrode CNE.
The sixth insulating layer 60 may be an organic layer and
may have a single- or multi-layered structure.

In an embodiment, the fifth isulating layer 50 and the
sixth insulating layer 60 may be a polyimide resin layer
having a single-layered structure. However, the inventive
concept 1s not limited thereto, and 1n certain embodiments,
the fifth isulating layer 50 and the sixth insulating layer 60
may include at least one of acryl resins, methacryl resins,
polyisoprene resins, vinyl resins, epoxy resins, urethane
resins, cellulose resins, siloxane resins, polyimide resins,
and perylene resins.

The organic light emitting diode OLED may be provided
on the sixth msulating layer 60. A first electrode AE of the
organic light emitting diode OLED may be provided on the
sixth mnsulating layer 60. The first electrode AE may be
connected to the connection electrode CNE through a fourth
contact hole CH4 that 1s formed to penetrate through the
sixth insulating layer 60.

A pixel definition layer PDL may be provided on the sixth
insulating layer 60. The pixel definition layer PDL may have
an opening OP that 1s formed to expose at least a portion of
the first electrode AE. The opening OP of the pixel defimition
layer PDL may define a light-emitting region PXA of each
pixel. For example, a plurality of the pixels PX may be
regularly arranged on a tlat surface of the display panel DP
(e.g., see FIG. 1A). Regions in which the pixels PX are
provided may be defined as ‘pixel regions’, and each of the
pixel regions may include the light-emitting region PXA and
a non-light-emitting region NPXA adjacent to the light-
emitting region PXA. The non-light-emitting region NPXA
may enclose the light-emitting region PXA.

A hole control layer HCL may be commonly provided 1n
the light-emitting region PXA and the non-light-emitting
region NPXA. A common layer such as the hole control
layer HCL refers to a layer that 1s commonly provided 1n a
plurality of the pixels PX. The hole control layer HCL may
include a hole transport layer and a hole mjection layer.

A light-emitting pattern EML may be provided on the hole
control layer HCL. The light-emitting pattern EML may be
locally provided 1n a region corresponding to the opening
OP. The light-emitting pattern EML may be divided into a
plurality of separate patterns that are respectively formed in
the pixels PX.




US 12,262,593 B2

13

In an embodiment, the light-emitting pattern EML 1s
illustrated to have a patterned structure, but 1n certain
embodiments, the light-emitting pattern EML may be pro-
vided to have a continuous structure spanning a plurality of
the pixels PX. Here, the light-emitting pattern EML may be
configured to generate a white-color light. In addition, the

light-emitting pattern EML may be provided to have a
multi-layered structure.

An electron control layer ECL may be provided on the
light-emitting pattern EML. The electron control layer ECL
may include an electron transport layer and an electron
injection layer. A second electrode CE may be provided on
the electron control layer ECL. The electron control layer
ECL and the second electrode CE may be commonly pro-
vided 1n the plurality of pixels PX.

The encapsulation layer TFE may be provided on the
second electrode CE. The encapsulation layer TFE may be
provided to commonly cover a plurality of the pixels PX. In
an embodiment, the encapsulation layer TFE may be pro-
vided to directly cover the second electrode CE. In certain
embodiments, a capping layer may be provided to cover the
second electrode CE. The capping layer may be an organic
layer. In an embodiment, an 1norganic layer that 1s formed by
a sputtering method may be additionally formed on the
capping layer. In an embodiment, a stacking structure of the
organic light emitting diode OLED may have a shape
obtained by capsizing the stacking structure of the organic
light emitting diode OLED that 1s illustrated in FIG. 3B.

The encapsulation layer TFE may include at least one of
an 1norganic layer and an organic layer. In an embodiment,
the encapsulation layer TFE may include two inorganic
layers and an organic layer therebetween. In an embodiment,
the encapsulation layer TFE may include a plurality of
inorganic layers and a plurality of organic layers that are
alternately stacked.

The morganic encapsulation layer may protect the organic
light emitting diode OLED from moisture or oxygen, and the
organic encapsulation layer may be provided to protect the
organic light emitting diode OLED from foreign substances
(e.g., dust particles) and to provide a flat top surface. The
inorganic encapsulation layver may include a silicon nitride
layer, a silicon oxynitride layer, a silicon oxide layer, a
titanium oxide layer, or an aluminum oxide layer, but the
inventive concept 1s not limited thereto. The organic encap-
sulation layer may include an acrylic organic layer, but the
inventive concept 1s not limited thereto.

FIGS. 4A to 4C are sectional views, each illustrating a
bending region of a display panel according to an embodi-
ment of the mventive concept. Each of FIGS. 4A to 4C
illustrates a section of the curvature region CA of FIG. 2
taken parallel to the first and third directions DR1 and DR3.
FIGS. 4A and 4C 1illustrate a region on which a signal line
SL. or SL-PT are provided, and FIG. 4B 1illustrates another
region on which the signal line 1s not provided. A signal line
SL extending in the first direction DR1 1s illustrated 1n FIG.
4A, and the signal line SL-PT that includes a plurality of
patterns spaced apart from each other in the first direction
DR1 are illustrated in FIG. 4C. Hereinatfter, an embodiment
of the mventive concept will be described in more detail
with reference to FIGS. 4A to 4C. For concise description,
an element previously described with reference to FIGS. 1A
to 3C may be i1dentified by the same reference number
without repeating an overlapping description thereof.

As shown 1n FIGS. 4A to 4C, the bending region BA may

have a stacking or sectional structure similar to that of the
first region NBA (e.g., see FIG. 1A). The barrnier layer BRL,
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the butler layer BFL, and the first to sixth insulating layer 10
to 60 may be sequentially provided on the top surface of the
base layer BL.

The barnier layer BRL and/or the builer layer BFL may be
provided to define a groove GV-1 (heremafter, a first groove)
that overlaps the bending region BA. The first groove GV-1
may be defined within the curvature region CA. The first
groove GV-1 may extend along the curvature region CA or
in a second direction (not shown). A width of the base layer
BL that 1s exposed by the first groove GV-1 and 1s measured
in the first direction DR1 may be less than a width of the
curvature region CA 1n the first direction DR1.

The first to fourth insulating layers 10 to 40 may be
provided to define a groove GV-2 (hereinafter, a second
groove) that overlaps the bending region BA. The second
groove GV-2 may be defined within the curvature region
CA. The first to fourth insulating layers 10 to 40 may be
provided to partially expose a top surface of the morganic
layers including the barrier layer BRL and the bufler layer
BFL.

Side surfaces of the barrier layer BRL and the bufler layer
BFL defining the first groove GV-1 may be inclined at an
angle with respect to the top surface of the base layer BL,
when viewed 1n a sectional view. Side surfaces of the first to
fourth 1nsulating layers 10 to 40 defining the second groove
(V-2 may also be inclined at an angle with respect to the top
surface of the base layer BL, when viewed in a sectional
view. The inclined angles of the first groove GV-1 and the
second groove GV-2 may be the same or different.

The fifth mmsulating layer 50 may be provided to cover the
first region NBA (e.g., see FIG. 1A) and may be extended
from the non-bending region NBA to cover the bending
region BA. Here, in the bending region BA, the fifth
insulating layer 50 may be provided to fill the first groove
GV-1 and the second groove GV-2. The {ifth insulating layer
50 may be 1n contact with the top surface of the base layer
BL that i1s exposed by the first groove GV-1, the inclined
surface of the first groove GV-1, and the inclined surface of
the second groove GV-2. The fifth insulating layer 50 may
be 1 contact with a portion of the top surface of the bufler
layer BFL that 1s not covered with the first to fourth
insulating layers 10 to 40.

In an embodiment, the number of stacked insulating
layers in the curvature region CA may be reduced by
providing the first groove GV-1 and the second groove GV-2
in the curvature region CA. The more the insulating layers
provided 1n the curvature region CA, the easier defects such
as delamination or buckling may occur by a bending stress.
According to an embodiment of the inventive concept, since
the number of the stacked insulating layers provided in the
curvature region CA 1s reduced, the curvature region CA
may be easily bent without causing defects.

In an embodiment, the first groove GV-1 and the second
groove GV-2 may remove the barrier layer BRL, the buller
layer BFL, and the first to fourth insulating layers 10, 20, 30,
and 40 1n the curvature region CA. As described above, the
barrier layer BRL, the bufler layer BFL, and the first to
fourth insulating layers 10, 20, 30, and 40 may include
inorganic materials. According to an embodiment of the
iventive concept, by removing the mmorganic layers from
the curvature region CA, 1t may be possible to prevent or
suppress the inorganic layers from being damaged by a
bending stress.

In an embodiment, since the first groove GV-1 and the
second groove GV-2 are filled with an organic layer (e.g., the
fifth msulating layer 50), it may be possible not only to
prevent a crack from propagating through the inorganic
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layer, but also to improve tlexibility of the curvature region
CA. Since the fifth insulating layer 50 that 1s provided 1n the
non-bending region NBA 1s used to fill the first groove GV-1
and the second groove GV-2, it may be possible to simplity
a fabrication process and a device structure of the display
panel DP.

As shown 1n FIG. 4A, at least a portion of the signal line
SL. may be provided on the fifth insulating layer 50. The
sixth insulating layer 60 may be provided to cover and
protect the signal line SL. The signal line SLL may corre-
spond to at least one of the signal lines SGL connected to the
signal pads DP-PD (e.g., see FIG. 2). For example, the signal
line SLL may be a data line or a power line. In certain
embodiments, the signal line S may be provided on a layer
that 1s diflerent from a layer under the signal lines SGL and
the signal pads DP-PD, and may be used as a bridge line
connecting the signal lines SGL and the signal pads DP-PD
to each other.

Although not shown in FIG. 4A, another portion of the
signal line SL (e.g., provided 1n the display region DP-DA)
may be provided on a different layer. For example, the signal
line SLL may include another portion that 1s provided on the
third msulating layer 30. These two different portions of the
signal line SLL may be connected to each other through a
contact hole that 1s formed to penetrate through the fourth
insulating layer 40 and the fifth msulating layer 50. The
contact hole may be formed in the peripheral region DP-
NDA of the non-bending region NBA.

In an embodiment, at least one of layers that are provided
in the display region DP-DA may be extended to cover at
least a portion of the top surface of the sixth msulating layer
60. In certain embodiments, the sixth insulating layer 60
may not be provided in the curvature region CA.

As shown in FIG. 4B, the curvature region CA may
include a region, in which the signal line SL 1s not provided.
In such a region without the signal line SL, the sixth
insulating layer 60 may be in contact with the fifth insulating
layer 50 or may cover the top surface of the fifth mnsulating
layer 50.

As shown 1 FIG. 4C, the signal line SL-PT may be a
patterned signal line including a plurality of patterns. The
patterns of the patterned signal line SL-PT may be spaced
apart from each other in the first direction DR1. When
viewed 1n a plan view, the patterns of the patterned signal
line SL-PT may be connected to each other by a pattern
extending 1n the second direction DR2 (e.g., see FIG. 1A)
within other region that 1s not shown in FIG. 4C. The
patterned signal line SL-PT may allow a portion extending,
in a direction perpendicular to the bending axis BX (e.g., see
FIG. 1B) to have a reduced area, and thereby reducing a
bending stress to be exerted on the patterned signal line
SL-PT.

FIG. 5 1s a sectional view 1illustrating a region of a display
panel according to an embodiment of the inventive concept.
FIG. S illustrates both a portion of the non-bending region
NBA and a portion of the bending region BA. For example,
in FIG. 5, the portion of the non-bending region NBA may
include a light-emitting region PXA corresponding to the
light-emitting region PXA shown in FIG. 3B, and the
portion of the bending region BA may include a region
corresponding to that of FIG. 4C. For concise description, an
clement previously described with reference to FIGS. 1A to
4C may be 1dentified by the same reference number without
repeating an overlapping description thereof.

As shown 1n FIG. 5, the display panel DP may further
include a third groove GV-3 formed 1n the bending region
BA. The second groove GV-2 may be defined 1n the first to
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third msulating layers 10, 20, and 30, and the third groove
GV-3 may be defined 1n the fourth mnsulating layer 40. A
portion of the fourth msulating layer 40 that overlaps the
second groove GV-2 may be removed to form the third
groove GV-3.

A width of the third groove GV-3 1n the first direction

DR1 may be larger than that of the second groove GV-2 1n
the first direction DR1. In addition, the width of the third

groove GV-3 1n the first direction DR1 may be larger than

that of the first groove GV-1 1n the first direction DR1. The
first to third grooves GV-1, GV-2, and GV-3 may be sequen-
tially formed in the third direction DR3 to form a staircase
structure.

The fifth insulating layer 50 may be provided to fill the
first to third grooves GV-1, GV-2, and GV-3 or to cover an
inner surface of each of the first to third grooves GV-1,
GV-2, and GV-3. In an embodiment, the display panel DP
may be designed to have only an organic layer (e.g., the fifth
insulating layer 50) 1n at least a center portion of the
curvature region CA by forming the first to third grooves
GV-1, GV-2, and GV-3 and filling them with the organic
layer.

As shown 1n FIG. 5, the connection electrode CNE may
be used as a signal line passing through the curvature region
CA. In the non-bending region NBA, the connection elec-
trode CNE may be configured to connect the first output
clectrode SE1 of the first thin-film transistor 11 to the first
clectrode AE of the organic light emitting diode OLED.

The connection electrode CNE may be interposed
between the fifth insulating layer 50 and the sixth insulating
layer 60 and may be provided to pass through the non-
bending region NBA and the bending region BA. The
connection electrode CNE may be used as a bridge pattern
connecting a conductive pattern that 1s provided in the
non-bending region NBA to a conductive pattern that 1s
provided 1n a facing region (not shown). In an embodiment,
the connection electrode CNE may include a plurality of
patterns that are provided 1n the curvature region CA and are
spaced apart from each other in the first direction DR1. In
this case, the connection electrode CNE may prevent a crack
or disconnection from occurring by a bending stress.

In certain embodiments, a pixel definition layer PDL-H
may be provided to have a recessed portion RS that 1s
formed around or near an opening region defining the
light-emitting region PXA. For example, a mask and a
spacer supporting the mask may be used in a deposition
process for forming the light-emitting pattern EML, and the
formation of the recessed portion RS may result from the use
of the mask or the spacer. The display panel DP having the
recessed portion RS may prevent the light-emitting pattern
EML or the light-emitting region PXA from being damaged
by the mask. The recessed portion RS may be formed by a
process, 1n which a halftone mask 1s used. According to an
embodiment of the mventive concept, the pixel definition
layer PDL-H 1s used to form the light-emitting pattern EML
without an additional process, thereby reducing a process
cost and simplifying a fabrication process.

In an embodiment, at least one or each of the fitth
insulating layer 50, the sixth insulating layer 60, and the
pixel definition layer PDL-H may include an organic mate-
rial. A stacking structure that overlaps the curvature region
CA may be designed to include only organic materials,
thereby improving flexibility of the display panel DP at the
curvature region CA and achieving high reliability of the
display panel DP even when a folding/unfolding operation 1s
repeated.
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FIG. 6 1s a sectional view 1illustrating a region of a display
panel according to an embodiment of the inventive concept.
For convenience in description, a region corresponding to
FIG. 3B 1s illustrated in FIG. 6. For concise description, an
clement previously described with reference to FIGS. 1A to
5 may be 1dentified by the same reference number without
repeating an overlapping description thereof.

As shown 1n FIG. 6, the display panel DP may further
include a light blocking pattern LSP that 1s provided
between the fifth and sixth insulating layers 50 and 60 and
overlaps the second semiconductor pattern OSP2.

The light blocking pattern LSP may be formed of or
include a material having high absorptivity or high retlec-
tance. The light blocking pattern LSP may be provided over
the second semiconductor pattern OSP2 to prevent a fraction
(e.g., a reflected fraction) of light that 1s generated in the
organic light emitting diode OLED from being incident into
the second semiconductor pattern OSP2.

The light blocking pattern LSP may be formed of or
include the same material as that of the connection electrode
CNE. For example, the light blocking pattern LSP may be
formed of or include a metallic material. The light blocking
pattern LSP may have the same stacking structure as the
connection electrode CNE. The light blocking pattern LSP
and the connection electrode CNE may be simultaneously
formed by a single patterning process using the same mask,
thereby simplifying the fabrication process and reducing the
process cost.

FIGS. 7A to 7Q are sectional views 1illustrating a process
of fabricating a display panel according to an embodiment of
the mventive concept. For comparison, two regions corre-
sponding to FIGS. 3B and 4 A are 1llustrated 1n each of FIGS.
7A to 7Q. For concise description, an element previously
described with reference to FIGS. 1A to 6 may be 1dentified
by the same reference number without repeating an over-
lapping description thereof.

As shown 1n FIG. 7A, at least one mnorganic layer may be
tformed on the base layer BL. The at least one inorganic layer
may overlap both of the non-bending region NBA and the
bending region BA. Although not shown, during the fabri-
cation process, the base layer BL may be placed on a
working substrate. The working substrate may be removed
alter the fabrication of the display panel.

The at least one 1norganic layer may be formed by
depositing, coating, or printing an 1morganic material on the
base layer BL. In an embodiment, the at least one inorganic
layer may include the barrier layer BRL and the bufler layer
BFL, as shown 1n FIG. 7A. The formation of the barrier
layer BRL may include sequentially forming a silicon oxide
layer and a silicon nitride layer on the base layer BL. The
formation of the bufler layer BFL may include sequentially
forming a silicon oxide layer and a silicon nitride layer on
the barrier layer BRL. As shown 1n FIG. 7A, a first prelimi-
nary semiconductor pattern OSP1-P may be formed on the
bufler layer BFL. The first preliminary semiconductor pat-
tern OSP1-P may be formed of or include a silicon semi-
conductor material. The formation of the first preliminary
semiconductor pattern OSP1-P may include forming a semi-
conductor layer and then patterning the semiconductor layer.
In an embodiment, the semiconductor layer may be crystal-
1zed belore or after the patterning of the semiconductor
layer.

Thereafter, as shown 1n FIG. 7B, the first insulating layer
10 may be formed in the non-bending region NBA and the
bending region BA to cover the bufler layer BFL and the first
preliminary semiconductor pattern OSP1-P. The first 1nsu-
lating layer 10 may be formed by a deposition, coating, or

5

10

15

20

25

30

35

40

45

50

55

60

65

18

printing process. At least one or each of other insulating
layers that will be formed on the first insulating layer 10 may
be formed using one of the deposition, coating, and printing
Processes.

The first control electrode GE1 may be formed on the first
insulating layer 10. The formation of the first control elec-
trode GE1 may include forming a conductive layer on the
first insulating layer 10 and then patterning the conductive
layer. The first capacitor electrode E1 (e.g., see FIG. 3C) of

the capacitor Cst may be formed using the same process as
that for the first control electrode GFE1.

Next, a doping process may be performed on the first
preliminary semiconductor pattern OSP1-P using the first
control electrode GE1 as a mask. In the doping process,
impurities may be injected into the first preliminary semi-
conductor pattern OSP1-P through the first insulating layer
10, as depicted by the arrow. Here, the impurities may not
be 1njected mto a channel region of the first preliminary
semiconductor pattern OSP1-P that overlaps the first control
clectrode GFE1, whereas the impurities may be 1njected nto
both side regions (1.e., an input region and an output region)
of the first preliminary semiconductor pattern OSP1-P that
are spaced apart from each other with the channel region
interposed therebetween. In an embodiment, the mput and
output regions of the first preliminary semiconductor pattern
OSP1-P may be doped with n-type dopants (e.g., group V
clements). The first semiconductor pattern OSP1 may be
formed by doping the first preliminary semiconductor pat-
tern OSP1-P. However, the inventive concept 1s not limited
to the above example, and 1n certain embodiments, the first
semiconductor pattern OSP1 may be formed by doping the
first preliminary semiconductor pattern OSP1-P with p-type
dopants (e.g., group III elements).

Thereatter, as shown 1n FIG. 7C, the second insulating
layer 20 may be formed 1n both of the non-bending region
NBA and the bending region BA to cover the first insulating
layer 10 and the first control electrode GE1. The second
control electrode GE2 that does not overlap the first control
clectrode GE1 may be formed on the second insulating layer
20. For example, when viewed 1n a plan view, the second
control electrode GE2 may be spaced apart from the first
control electrode GE1. The second control electrode GE2
and the upper electrode UE may be formed using the same
process. Although not shown, the second capacitor electrode
E2 (e.g., see FIG. 3C) of the capacitor Cst may be formed
by the same process as that for the second control electrode
GE2 and the upper electrode UE.

Thereatter, as shown in FIG. 7D, the third insulating layer
30 may be formed 1n the non-bending region NBA and the
bending region BA to cover the second insulating layer 20,
the second control electrode GE2, and the upper electrode
UE.

Next, as shown 1n FIG. 7E, a first etching step may be
performed to locally remove the first to third insulating
layers 10, 20, and 30. For example, the first and second
contact holes CH1 and CH2 may be formed to expose at
least a portion of the input and output regions of the first
semiconductor pattern OSP1, respectively. In an embodi-
ment, the first etching step may be performed to locally
remove the first to third insulating layers 10 to 30 1n the
bending region BA to form a first upper groove GV-21. In an
embodiment, the first etching step may use a single mask to
form the first and second contact holes CH1 and CH2 on the
non-bending region NBA as well as the first upper groove
GV-21 on the bending region BA, thereby reducing the
number of the mask required to fabricate the display panel.
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Thereafter, as shown in FIG. 7F, a second preliminary
semiconductor pattern OSP2-P may be formed on the third
insulating layer 30. The second preliminary semiconductor
pattern OSP2-P may be formed of or include a metal oxide
semiconductor material. The formation of the second pre-
liminary semiconductor pattern OSP2-P may include form-
ing a metal oxide semiconductor layer and performing a
patterning process on the metal oxide semiconductor layer.
In an embodiment, the second preliminary semiconductor
pattern OSP2-P may be formed to have a conductive prop-
erty.

In certain embodiments, the process steps described with
reference to FIG. 7E and FIG. 7F may be performed 1n a
different order. For example, the first etching step for form-
ing the first and second contact holes CH1 and CH2 and the
first upper groove GV-21 may be performed after the for-
mation ol the second preliminary semiconductor pattern
OSP2-P.

Next, as shown 1 FIG. 7G, an electrode formation step
may be performed to form electrodes DE1, SE1, SE2, and
DE2 on the third 1nsulating layer 30. The formatlon of the
clectrodes DE1, SE1, SE2, and DE2 may include forming a
conductive layer using a deposition process and performing
a patterning process on the conductive layer.

The patterning of the conductive layer may be performed
by a plasma process using an etching gas. In an embodiment,
the etching gas may include an oxygen-containing material,
and 1n this case, oxygen plasma produced from the etching
gas may be used for the plasma process. The etching gas
may be used to reduce a concentration of hydrogen in a
region of the second preliminary semiconductor pattern
OSP2-P that 1s not veiled by the second input electrode DE2
and the second output electrode SE2. Thus, the unveiled
region of the second preliminary semiconductor pattern
OSP2-P that 1s located between the second input electrode
DE2 and the second output clectrode SE2 may have an
clectrical resistance that 1s higher than that of the veiled
regions of the second preliminary semiconductor pattern
OSP2-P that are located under the second input electrode
DE2 and the second output electrode SE2. For example, the
unveiled region of the second preliminary semiconductor
pattern OSP2-P may be changed to have a semiconductor-
like band structure, thereby serving as a channel region. That
1s, by treating the second preliminary semiconductor pattern
OSP2-P having the conductive property with the etching
gas, the second semiconductor pattern OSP2 that has at least
a portion of the semiconductor-like band structure may be
formed. The second semiconductor pattern OSP2 may
include the channel region that has the semiconductor-like
band structure, and the input and output regions that are
spaced apart from each other with the channel region
interposed therebetween.

Thereafter, as shown 1 FIG. 7H, a preliminary fourth
insulating layer 40-1 may be formed in both of the non-
bending region NBA and the bending region BA to cover the
third 1nsulating layer 30 and the electrodes DE1, SE1, SE2,
and DE2. The preliminary fourth insulating layer 40-1 may
include a portion filling at least a portion of the first upper
groove GV-21.

Next, as shown 1n FIG. 71, a second etching step may be
performed to partially remove the preliminary fourth insu-
lating layer 40-1. The second etching step may be performed
to form a contact hole CH3-40 that penetrates through the
preliminary fourth msulating layer 40-1 and exposing at least
a portion of the first output electrode SEI.

In an embodiment, the second etching step may partially
remove the preliminary fourth insulating layer 40-1 in the
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bending region BA and thereby forming a second upper
groove GV-22. In an embodiment, the second etching step
may use a single mask to form the contact hole CH3-40 in
the non-bending region NBA as well as the second upper
groove GV-22 1n the bending region BA, thereby reducing
the number of the mask required to fabricate the display
panel.

As shown 1n FIG. 71, the second upper groove GV-22 and
the first upper groove GV-21 may be formed to have inner
side surfaces aligned to each other, but the inventive concept
1s not limited thereto. For example, as shown 1n FIG. 3, the
third groove GV-3 may be formed 1n the preliminary fourth
insulating layer 40-1 to expose at least a portion of the top
surface of the third insulating layer 30.

As shown in FIG. 7], a third etching step may be
performed to partially remove the morganic layers BRL and
BFL 1n the bending region BA. For example, in the third
ctching step, an etching gas may be used to partially remove
the barrier layer BRL and the bufler layer BFL in the
bending region BA and thereby forming the first groove
GV-1 1n the bending region BA. A top surface of 1 1110rgamc
layers including the barrier layer BRL and the builer layer
BFL may be partially exposed depending on an etching time
or an etchant. In certain embodiments, the first groove GV-1
may be formed to have an inner side surface aligned to that
of the first upper groove GV-21.

In an embodiment, the third etching step for forming the
first groove GV-1 and the second etching step for forming
the second upper groove GV-22 may be performed 1n a
successive manner. The third etching step and the second
ctching step may constitute a single process that 1s per-
formed using the same mask, but may differ from each other
in terms of an exposure time to an etching gas or a material
of the etching gas. Thus, the number of masks used 1n the
etching process may be reduced, thereby simplifying the
fabrication process, and reducing the fabrication cost.

As shown 1n FIGS. 7K and 7L, after the second etching
step, the fourth isulating layer 40 may be formed by
performing a thermal treatment HT on the preliminary
fourth insulating layer 40-1. The thermal treatment HT may
be performed to thermally cure the channel region of the
second semiconductor pattern OSP2 that 1s covered with the
preliminary fourth insulating layer 40-1. A stress may be
exerted on the channel region of the second semiconductor
pattern OSP2, when a conductive layer to be used as the
second 1nput electrode DE2 and the second output electrode
SE2 1s deposited, for example, by a physical deposition
process. In an embodiment, the thermal treatment HT may
stably cure defects that may have been formed in the channel
region of the second semiconductor pattern OSP2. Further-
more, the thermal treatment HT may be performed to
prevent hydrogen atoms 1n the preliminary fourth insulating
layer 40-1 from flowing into the channel region of the second
semiconductor pattern OSP2.

In an embodiment, the thermal treatment HT may be
performed at a high temperature of about 300° C. or higher.
The thermal treatment HT may include an annealing process
that 1s gradually performed for a specific process time.
According to an embodiment of the inventive concept, the
fabrication method of the display panel may further include
the thermal treatment HT to be performed after the forma-
tion ol the preliminary fourth msulating layer 40-1 to
improve reliability of the second semiconductor pattern
OSP2 and stabilize electric characteristics of the second
thin-film transistor 12.

Next, as shown 1n FIG. 7M, the fifth insulating layer 50
may be formed on the fourth insulating layer 40. The fifth
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insulating layer 50 may be formed to overlap the non-
bending region NBA and the bending region BA. The fifth
insulating layer 50 may include a portion that 1s provided 1n
the first groove GV-1 and the second groove GV-2. The fifth
isulating layer 50 may be formed to partially fill the contact
hole CH3-40.

In an embodiment, the fifth mnsulating layer 50 may be
formed, after the thermal treatment step on the fourth
insulating layer 40. In a case where the fifth insulating layer
50 1s formed of a polymer resin such as polyimide, the fifth
insulating layer 50 may be damaged during the thermal
treatment HT. According to an embodiment of the inventive
concept, a step of forming a layer containing an organic
matenal (e.g., the fifth mnsulating layer 50) may be post-
poned until the thermal treatment HT on the fourth msulat-
ing layer 40 1s finished to prevent the fifth insulating layer
50 from being damaged by the thermal treatment HT, and
thereby improving reliability of the fabrication process.

As shown i FIG. 7N, a fourth etching step may be
performed to remove a portion of the fifth insulating layer
50. For example, a contact hole CH3-50 may be formed 1n
the fifth imsulating layer 50 to expose at least a portion of the
first output electrode SE1 that 1s covered with the fifth
insulating layer 50. The contact hole CH3-50 of the fifth
insulating layer 50 may be aligned to the contact hole
CH3-40 of the fourth insulating layer 40. The contact holes
CH3-40 and CH3-50 may be connected to each other to form
a single contact hole that 1s defined as the third contact hole
CH3.

As shown 1n FIG. 70, the connection electrode CNE may
be formed on the fifth msulating layer 50. The process of
forming the connection electrode CNE may also be used to
form the portion of the signal line SL that overlaps the
bending region BA. As described above, the connection
clectrode CNE and the signal line SL may be two parts of a
single object or may be two separate objects that are spaced
apart from each other, but the inventive concept 1s not
limited thereto.

As shown 1n FIG. 7P, the sixth insulating layer 60 may be
formed on the fifth msulating layer 50 to cover not only the
connection electrode CNE but also the portion of the signal
line SL that overlaps the bending region BA. The fourth
contact hole CH4 may be formed 1n the sixth insulating layer
60 to expose at least a portion of the top surface of the
connection electrode CNE.

As shown 1n FIG. 7Q), the organic light emitting diode
OLED may be formed on the sixth insulating layer 60 1n the
non-bending region NBA. The first electrode AE may be
formed on the sixth insulating layer 60 and may be con-
nected to the connection electrode CNE through the fourth
contact hole CH4. The pixel definition layer PDL may be
tformed on the sixth insulating layer 60 to expose a center
portion of the first electrode AE. A preliminary pixel defi-
nition layer may be formed on the sixth insulating layer 60
and may be patterned to form the pixel definition layer PDL
with the opening OP.

Thereafter, the hole control layer HCL, the light-emitting,
pattern EML, the electron control layer ECL, and the second
clectrode CE may be sequentially formed 1n the non-bending
region NBA of the pixel definition layer PDL. The hole
control layer HCL, the light-emitting pattern EML, the
clectron control layer ECL, and the second electrode C:
may overlap at least the dlsplay region DP-DA (e.g.,
FIG. 2), when viewed 1n a plan view.

The encapsulation layer TFE may be formed on the
second electrode CE. As for the encapsulation layer TFE, an
organic encapsulation layer and/or an inorganic encapsula-
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tion layer may be formed by a deposition or inkjet printing
process. The encapsulation layer TFE may be formed in the
non-bending region NBA and may not be formed in the
bending region BA, but the inventive concept 1s not limited
thereto.

FIG. 8A 1s a graph showing current-voltage characteris-
tics of a thin-film transistor according to a comparative
example, and FIG. 8B i1s a graph showing current-voltage
characteristics of a thin-film transistor according to an
embodiment of the mventive concept. FIG. 8A 1s a graph
showing current-voltage characteristics of a thin-film tran-
sistor that has been treated by a thermal treatment at a
relatively low temperature (e.g., 300° C. or lower), and FIG.
8B 1s a graph showing current-voltage characteristics of a
thin-film transistor (e.g., the second thin-film transistor 12
described with reference to FIG. 3B) that 1s treated by a
thermal treatment at a relatively high temperature according
to an embodiment of the inventive concept. In FIGS. 8 A and
8B, the voltage V ; represents a gate voltage applied to a gate
clectrode of a thin-film transistor, and the current I, rep-
resents an amount of electric current flowing through a
channel region of the thin-film transistor applied with the
gate voltage. The thin-film transistors for FIGS. 8 A and 8B
have been fabricated to have substantlally the same features
and structure, except for a difference 1n process temperature
in the thermal treatment step. For convenience 1n illustra-
tion, curves measured from each thin-film transistor at
different times are plotted 1n FIGS. 8A and 8B. Herematfter,
the 1nventive concept will be described 1n more detail with
reference to FIGS. 8A and 8B.

In the comparative example of FIG. 8A, the thermal
treatment step on the thin-film transistor 1s performed at a
low temperature (e.g., ol 300° C. or lower or of about 250°
C.) that may be too low to cause damage to the fifth
insulating layer 50. First to fifth curves PL1, PL2, PL3, PL 4,
and PL5 1n FIG. 8A are sequentially measured at different
times. For the thin-film transistor according to the compara-
tive example, as shown 1n FIG. 8A, as the process time 1s
increased, the curve gradually moves leftward (1.e., from the
first graph PL1 to the fitth graph PL3). A difference in a
threshold voltage between the first curve PL1 showing an
initial current-voltage property and the fifth curve PLS5
showing the lastly-measured Current-veltage property 1s
about —5.68V. That 1s, 1n a case where, as 1n the eemparatlve
example, the thin- ﬁlm transistor 1s not treated at a sufli-
ciently high temperature, the thin-film transistor may sufler
from poor umiformity 1n electric characteristics and a short
life.

By contrast, the current-voltage graph of FIG. 8B 1s
obtained from a thin-film transistor including a semiconduc-
tor pattern that 1s thermally treated at a temperature of about
380° C. As shown 1n FIG. 8B, current-voltage curves that are
measured from the thin-film transistor at different times
converge to a Smgle indistinguishable curve PL-T.

In FIG. 8B, a diflerence 1n a threshold voltage between the
curve Shewmg an 1nitial current-voltage property and the
curve showing the lastly-measured current-voltage property
1s about —-0.20V. This shows that the thin-film transistor
according to an embodiment of the inventive concept has an
invariant current-voltage property or uniform electric char-
acteristics. According to an embodiment of the iventive
concept, since the organic layer (e.g., the fifth insulating
layer 50 of FIG. 3B) 1s formed after the formation of the
fourth insulating layer 40 to thermally treat the fourth
insulating layer 40 at a high temperature of 300° C. or higher
while preventing the fifth msulating layer 50 from being
damaged. Thus, the thin-film transistor can be fabricated to
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have improved electric characteristics and a longer life.
Furthermore, the method according to an embodiment of the
iventive concept may stably provide a display panel with
high reliability and improved electric characteristics.

FI1G. 9 1s a sectional view 1llustrating a portion of a display
panel according to an embodiment of the mventive concept.
For convenience in description, a region corresponding to
FIG. 7Q 1s 1llustrated 1n FIG. 9. Hereinafter, an embodiment
of the mventive concept will be described in more detail
with reference to FI1G. 9. For concise description, an element
previously described with reference to FIGS. 1A to 8B may
be 1dentified by the same reference number without repeat-
ing an overlapping description thereof.

In the display panel shown in FIG. 9, the connection
clectrode CNE and the sixth insulating layer 60 may be
omitted. Accordingly, the first electrode AE may be directly
provided on the fifth msulating layer 50 and may be con-
nected to the first output electrode SE1 through the third
contact hole CH3. A signal line SL-DL may include a
portion that overlaps the bending region BA and 1s directly
provided on the fifth insulating layer 30.

The portion of the signal line SL-DL that overlaps the
bending region BA may be formed by the same process as
that for the first electrode AE. The portion of the signal line
SL-DL that overlaps the bending region BA and the first
clectrode AE may include the same maternal and may have
the same layer structure.

FIGS. 10A to 10D are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept. In order to avoid
redundancy, some of the steps described with reference to
FIGS. 7A to 7Q are illustrated in FIGS. 10A to 10D.
Hereinaiter, an embodiment of the inventive concept will be
described in more detail with reference to FIGS. 10A to 10D.
For concise description, an element previously described
with reference to FIGS. 1A to 9 may be identified by the
same reference number without repeating an overlapping
description thereof.

As shown 1 FIG. 10A, the second preliminary semicon-
ductor pattern OSP2-P and the contact holes CH1 and CH2
may be formed in the non-bending region NBA of the base
layer BL, and the first upper groove GV-21 may be formed
in the bending region BA. The structure of FIG. 10A may
substantially correspond to that of FIG. 7F. For convenience
in description, the aforesaid technical features may be omit-
ted below.

Thereafter, as shown 1n FIGS. 10B and 10C, a conductive
layer CLL may be formed on the third insulating layer 30,
and the conductive layer CLL may be patterned using an
etching gas E'T to form the electrodes DE1, SE1, DE2, and
SE2. The conductive layer CLL may be formed to cover the
top surface of the third insulating layer 30 and the top
surface of the second preliminary semiconductor pattern
OSP2-P. The conductive layer CLL may also be formed to
{11l the contact holes CH1 and CH2 and at least a portion of
the first upper groove GV-21.

The etching gas E'T may contain a material capable of
etching at least a portion of the conductive layer CLL. The
ctching gas F'T may react with exposed regions of the
conductive layer CLL that are not veiled by a mask (not
shown), and thus, the exposed regions of the conductive
layer CLL may be removed. Other regions of the conductive
layer CLL veiled by the mask may not be etched, thereby
forming the electrodes DE1, SE1, DE2, and SE2.

In an embodiment, the etching gas E'T may not contain a
chlorine compound. As an example, the etching gas ET may
contain a fluoro compound containing fluorine (F). For
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example, the etching gas ET may contain sulfur hexafluoride
(SF ) or hexafluoro butyne (C,F ).

In a case where the fluoro compound 1s used, the second
semiconductor pattern OSP2 containing an oxide semicon-
ductor material may have a relatively slow etch rate, com-
pared to a case where the chlorine compound 1s used. For
example, 1n a case where the fluoro compound 1s used 1n the
ctching process, the conductive layer CLL may have a
higher etch rate than that of the second semiconductor
pattern OSP2. The conductive layer CLL may be formed of
or include, for example, molybdenum (Mo).

I1 the conductive layer CLL contains titanium (11) to etch
the conductive layer CLL, an etching gas containing a
chlorine compound may be used. The oxide semiconductor
material may have a relatively high etch rate, when the
chlorine compound 1s used in the etching process. Accord-
ingly, 1n a case where the etching gas containing the chlorine
compound 1s used to pattern the conductive layer CLL, the
second semiconductor pattern OSP2 containing the oxide
semiconductor material may be easily damaged.

According to an embodiment of the inventive concept, the
ctching gas E'T may be chosen to contain the fluoro com-
pound to prevent the exposed regions of the second semi-
conductor pattern OSP2 from being damaged by the etching
process for forming the electrodes DE1, SE1, DE2, and SE2
and stably form the second semiconductor pattern OSP2.

As shown 1n FIG. 10D, the third contact hole CH3 may be
formed 1n the fourth insulating layer 40, and the connection
clectrode CNE may be formed to be connected to the first
output electrode SE1. For convenience in 1illustration, the
connection electrode CNE 1s 1llustrated to be provided on
the fourth mnsulating layer 40, but the inventive concept 1s
not limited thereto.

Since the connection electrode CNE 1s formed after the
formation of the fourth insulating layer 40, the connection
clectrode CNE may be prevented from being affected by the
cetching gas ET of FIG. 10B. In addition, the connection
clectrode CNE may be independently formed, regardless of
the formation of the second semiconductor pattern OSP2 or
other elements. For example, the connection electrode CNE
may be patterned, without a concern of damaging other
elements, and thus, a material for the connection electrode
CNE may be freely chosen.

In an embodiment, the connection electrode CNE may be
formed of or include a material whose electric resistance 1s
lower than the first output electrode SE1. In this case, the
first output clectrode SE1 and the second output electrode
SE2 1s formed using same material. Due to the mutually
dependent relationship between the first output electrode
SE1 and the second semiconductor pattern OSP2, there may
be a restriction 1n a material for the first output electrode
SE1, and this may lead to deterioration in electric charac-
teristics of the display device. However, the connection
clectrode CNE having the low electric resistance may be
used to improve the electric characteristics of the display
device. For example, the connection electrode CNE may
allow the organic light emitting diode OLED (e.g., see FIG.
3B) and the first thin-film transistor T1 to be connected to
cach other with a low contact resistance to realize a display
panel having improved electric characteristics.

According to an embodiment of the inventive concept, 1n
a process of fabricating a semiconductor device, 1n which
semiconductor patterns having different characteristics are
provided, a thermal treatment may be performed without
causing a damage of an organic layer, thereby improving
clectric characteristics of the semiconductor pattern and
reliability of the fabrication process. Furthermore, the
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organic layer may be provided at a position that 1s not
aflected by a thermal treatment, so that a display panel with
a highly-reliable long-time thin-film device may be realized.

While example embodiments of the inventive concept
have been particularly shown and described, it will be 5
understood by one of ordinary skill 1n the art that variations
in form and detail may be made therein without departing
from the spirit and scope of the attached claims.

What 1s claimed 1s:

1. A display panel, comprising: 10

a base layer including a first region and a second region
that 1s bent from the first region along a predetermined
bending axis;

a first thin-film transistor disposed in the first region;

a second thin-film transistor disposed in the first region; 15

a first mnorganic layer includes a first groove that overlaps
the second region;

a second inorganic layer includes a second groove that
overlaps the first groove;

a lirst organic layer disposed in the first region and the 20
second region to cover mner surfaces of the first and
second grooves;

a connection electrode disposed on the first organic layer
and connected to the first thin-film transistor through a
contact hole: 25

a signal line disposed in the second region and overlap-
ping the first groove and the second groove; and

a second organic layer disposed on the connection elec-
trode,

wherein the signal line comprises a same material as the 30
connection electrode;

wherein the second organic layer 1s 1n contact with the
first organic layer in the second region; and

wherein the first organic layer 1s disposed to be 1n contact
with a portion of a top surface of the base layer in the 35
second region.

2. The display panel of claim 1, wherein the first thin-film
transistor comprising a silicon semiconductor pattern, a first
gate electrode, and a first source electrode and a first drain
clectrode, the second thin-film transistor comprising a sec- 40
ond gate electrode, an oxide semiconductor pattern, and a
second source electrode and a second drain electrode.

3. The display panel of claim 2, wherein the connection
clectrode comprises a material that 1s different from that of
the first drain electrode. 45

4. The display panel of claim 3, wherein the connection
clectrode comprises a material whose resistance 1s lower
than that of the first drain electrode.

5. The display panel of claim 2, further comprising:

a pixel definition layer disposed on the organic layer and 50

including an opening; and

an organic light emitting diode disposed in the opening
and electrically connected to the first thin-film transis-
tor,

wherein the pixel definition layer overlaps the first region 55
and the second region and comprises an organic mate-
rial.

6. The display panel of claim 5, wherein the pixel defi-
nition layer further comprises a recessed portion on an inner
surface of the opening. 60

7. The display panel of claim 5, wherein the signal line 1s
disposed on the same layer as a portion of the second
thin-film transistor.

8. The display panel of claim 7, wherein the signal line
comprises a plurality of patterns that are disposed in the 65
second region and are spaced apart from each other 1n a
direction crossing the bending axis.
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9. The display panel of claim 8, wherein the first inorganic
layer 1s 1n contact with the oxide semiconductor pattern.

10. The display panel of claim 9, wherein the signal line
1s disposed on the same layer as the connection electrode.

11. The display panel of claim 10, further comprising an
upper electrode overlapping the first gate electrode viewed
in a plan view, and

wherein the upper electrode 1s disposed on the same layer
as the second gate electrode.

12. The display panel of claim 11, further comprising a
capacitor comprising a {irst capacitor electrode and a second
capacitor electrode overlapping the first capacitor electrode
when viewed 1n a plan view,

wherein the second capacitor electrode 1s disposed on the
same layer as the upper electrode.

13. A display panel, comprising:

a base layer;

a first thin-film transistor;

a second thin-film transistor;

a first inorganic layer disposed to overlap the first thin-
film transistor and the second thin-film transistor 1n a
thickness direction, and the first norganic layer
includes a first groove;

a second 1organic layer disposed between first thin-film
transistor and the second thin-film transistor and the
base layer, and the second inorganic layer includes a
second groove;

an organic layer disposed on the first thin-film transistor
and the second thin-film transistor:;

a connection electrode disposed on the organic layer and
connected to the first thin-film transistor; and

a metal pattern overlapping a portion of the second
thin-film transistor and formed by a single patterming
process using a same mask with the connection elec-
trode, and

wherein the organic layer 1s disposed to be in contact with
a portion of a top surface of the base layer at the first
groove and the second groove.

14. The display panel of claim 13, wherein the first
thin-film transistor comprising a silicon semiconductor pat-
tern, a first gate electrode, and a first source electrode and a
first drain electrode, the second thin-film transistor compris-
ing a second gate electrode, an oxide semiconductor pattern,
and a second source electrode and a second drain electrode.

15. The display panel of claim 14, further comprising a
light emitting diode disposed on the organic layer and
clectrically connected to the first thin-film transistor,

wherein the connection electrode coupled to each of the
light emitting diode and the first drain electrode.

16. A display panel, comprising:

a base layer including a first region and a second region
that 1s bent from the first region along a predetermined
bending axis;

a plurality of thin-film transistors disposed in the first
region, and at least one of the thin-film transistors
comprising an oxide semiconductor pattern;

a first inorganic layer includes a first groove that overlaps
the second region;

a second inorganic layer includes a second groove that
overlaps the first groove;

a first organic layer disposed in the first region and the
second region to cover mner surfaces of the first and
second grooves;

a connection electrode disposed on the first organic layer
and connected to one of the thin-film transistors
through a contact hole;
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a signal line disposed in the second region and overlap-
ping the first groove and the second groove; and

a second organic layer disposed on the connection elec-
trode,

wherein the first morganic layer 1s 1 contact with the
oxide semiconductor pattern; and

wherein the first organic layer 1s disposed to be 1n contact

with a portion of a top surface of the base layer in the
second region.

10
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